**The known:** Corticosteroid therapy did not improve clinical outcomes for patients with SARS or MERS, and the WHO recommends against treating patients with COVID‐19 with corticosteroids, although medical societies in China recommend their prudent use.**The new:** Corticosteroid therapy is widely employed to treat patients with COVID‐19 in Wuhu, China, but we found no evidence of clinical benefit for those without acute respiratory distress syndrome. Virus clearance may be slower in people with chronic HBV infections.**The implications:** The value of corticosteroid therapy for patients with COVID‐19 should be reconsidered, and the effect of other infections on viral clearance investigated.

 {#mja250577-sec-0008}

In December 2019, a cluster of patients with primary pneumonia caused by a novel coronavirus was reported in Wuhan, China. The virus subsequently spread rapidly throughout the country and around the world.[1](#mja250577-bib-0001){ref-type="ref"}, [2](#mja250577-bib-0002){ref-type="ref"}, [3](#mja250577-bib-0003){ref-type="ref"} The novel coronavirus was later identified as severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2); it exhibits 79.5% identity with the SARS‐CoV that caused the 2003 SARS epidemic.[4](#mja250577-bib-0004){ref-type="ref"} The disease caused by the new virus, coronavirus disease 2019 (COVID‐19), has clinical manifestations ranging from asymptomatic, mild pneumonia to serious acute respiratory distress syndrome (ARDS), septic shock, and multiple organ dysfunction syndrome (MODS).[5](#mja250577-bib-0005){ref-type="ref"}, [6](#mja250577-bib-0006){ref-type="ref"}, [7](#mja250577-bib-0007){ref-type="ref"} By 23 March 2020, 81 601 cases of COVID‐19 had been reported in mainland China, and the general mortality rate was 4.0%.[8](#mja250577-bib-0008){ref-type="ref"} The mortality rate among critically ill patients (61.5%) is similar to that previously reported for the Middle East respiratory syndrome (MERS), also caused by a coronavirus.[5](#mja250577-bib-0005){ref-type="ref"}, [9](#mja250577-bib-0009){ref-type="ref"} The mainstay of management of patients with COVID‐19 is supportive therapy, including fluid management, oxygen therapy, and mechanical ventilation.[10](#mja250577-bib-0010){ref-type="ref"}

Cytokine storm and inflammation induced by the uncontrolled immunologic response to the virus underlies the fatal pneumonia that can follow infection with human coronaviruses.[11](#mja250577-bib-0011){ref-type="ref"}, [12](#mja250577-bib-0012){ref-type="ref"} Inhibition of inflammation improves outcomes in animals infected with SARS and MERS viruses.[13](#mja250577-bib-0013){ref-type="ref"}, [14](#mja250577-bib-0014){ref-type="ref"} Corticosteroids are typically used to treat severe acute respiratory infections of viral aetiology because of their anti‐inflammatory effect.[15](#mja250577-bib-0015){ref-type="ref"} However, it was reported that corticosteroids did not improve outcomes during the SARS and MERS outbreaks, but delayed viral clearance and increased rates of secondary infections.[9](#mja250577-bib-0009){ref-type="ref"}, [16](#mja250577-bib-0016){ref-type="ref"}, [17](#mja250577-bib-0017){ref-type="ref"} Most patients in the relevant studies were critically ill with ARDS, and may have passed the point where adverse outcomes could be modified by steroid therapy.

The World Health Organization has recommended against routinely administering systemic corticosteroids to patients with COVID‐19.[18](#mja250577-bib-0018){ref-type="ref"} Nevertheless, a consensus statement by the Chinese Thoracic Society recommends using corticosteroids, albeit prudently,[19](#mja250577-bib-0019){ref-type="ref"} ideally in the context of a randomised controlled trial. To undertake such a trial during an ongoing epidemic is challenging. To facilitate study design, we report the impact of corticosteroid therapy in patients with COVID‐19 according to accumulated observational clinical data.

Methods {#mja250577-sec-0009}
=======

Study design and participants {#mja250577-sec-0010}
-----------------------------

Our observational study was undertaken in the Second People\'s Hospital of Wuhu and Yijishan Hospital, the two designated hospitals for patients with COVID‐19 in Wuhu, Anhui province, about 500 km from Wuhan. The two tertiary teaching hospitals (4000 beds total) are the only units authorised to admit infectious patients with COVID‐19 in Wuhu. We reviewed the records of patients admitted to the hospitals with the diagnosis of COVID‐19 during 24 January -- 24 February 2020. Laboratory confirmation of SARS‐CoV‐2 infection was made by the local Centre for Disease Control, using reverse transcription polymerase chain reaction (RT‐PCR) as reported previously.[2](#mja250577-bib-0002){ref-type="ref"}

Data collection {#mja250577-sec-0011}
---------------

Data extracted from patient records included age, sex, comorbid conditions, symptoms at onset, time from onset of symptoms to hospital admission, vital signs at admission, laboratory test results during hospitalisation, computed tomography (CT) imaging findings, virus clearance time, treatments (duration and dosage), other infections, and clinical outcomes. The record included the field "exposure to Wuhan", defined as travel to Wuhan City, Hubei, or close contact with someone recently arrived from Wuhan City.

Outcomes and definitions {#mja250577-sec-0012}
------------------------

The primary outcome was time to virus clearance. Secondary outcomes included duration of clinical recovery and length of hospital stay.

Viral clearance was confirmed by serial RT‐PCR of samples from throat swabs; clearance was defined as having at least two consecutive negative results for swabs collected 24 hours apart. The virus clearance time was calculated from the onset of symptoms to the date of the first negative RT‐PCR test. Clinical recovery was determined by the attending physicians by integrating information about clinical manifestations, laboratory test results, and radiological results. Patients were characterised as having received corticosteroids if they received at least one dose during their hospital stay.

Statistical analysis {#mja250577-sec-0013}
--------------------

Continuous variables were summarised as medians with interquartile ranges (IQRs); categorical variables were summarised as frequencies and percentages. The statistical significance of differences between patients receiving and not receiving corticosteroids were assessed in Fisher exact tests or Wilcoxon signed‐rank tests (categorical variables) and Mann--Whitney *U* tests (continuous variables). The association between corticosteroid therapy and time to outcomes was assessed in a survival analysis. Univariable hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. *P* \< 0.05 was deemed statistically significant. All analyses were performed in R 3.6.2.

Ethics approval {#mja250577-sec-0014}
---------------

The study was approved by the ethics committee of the Second People\'s Hospital of Wuhu (application reference, 202001).

Results {#mja250577-sec-0015}
=======

Patient characteristics and clinical presentation {#mja250577-sec-0016}
-------------------------------------------------

Thirty‐one patients were included in the study. Their median age was 39 years (IQR, 32--54 years); 20 were men (64%). Twenty‐one patients (68%) had returned from Wuhan, the centre of the COVID‐19 epidemic in China, where they were presumed to have contracted the virus.

Comorbid conditions were not frequent: seven patients had hypertension, two had chronic hepatitis B virus (HBV) infections (virus loads, 2950 and 3040 copies/mL; both patients were receiving entecavir), one had diabetes, and one had coronary heart disease. Two patients had histories of smoking. No patients reported chronic respiratory diseases, cancer, or other chronic diseases.

On admission, patients presented with signs and symptoms of systemic infection; most reported fever, cough, and myalgia or fatigue ([Box 1](#mja250577-fea-0001){ref-type="boxed-text"}). Five patients reported diarrhoea. All patients in the study were classified as having mild disease: only four reported dyspnoea, and none developed ARDS. The median time from illness onset to admission was four days (IQR, 2--6 days).

###### Baseline characteristics of 31 patients with coronavirus disease 2019 (COVID‐19)

###  {#mja250577-sec-0026}

CharacteristicsAll patientsTherapy*P*Non‐corticosteroidCorticosteroidNumber of patients312011Age (years), median (IQR)39 (32--54)37 (27--52)53 (36--57)0.18Sex0.75Men20 (64%)12 (60%)8 (73%)Women11 (36%)8 (40%)3 (27%)Comorbid conditionsHypertension7 (23%)5 (25%)2 (18%)1.0Diabetes1 (3%)01 (9%)0.76Coronary heart disease1 (3%)1 (5%)01.0Chronic hepatitis B virus infection2 (6%)2 (10%)00.75Current smoker2 (6%)1 (5%)1 (9%)1.0Exposure to Wuhan21 (68%)11 (55%)10 (91%)0.10Signs and symptomsFever25 (81%)14 (70%)11 (100%)0.12Highest temperature (˚C)38.0 (37.6--38.8)37.8 (37.0--38.1)38.8 (38.2--39.0)0.002Cough19 (61%)8 (40%)11 (100%)0.004Myalgia or fatigue18 (58%)8 (40%)10 (91%)0.018Headache4 (13%)1 (5%)3 (27%)0.23Diarrhea5 (16%)5 (25%)00.19Dyspnoea4 (13%)1 (5%)3 (27%)0.23Respiratory rate (per minute)20 (18.5--20)19 (18--20)20 (19--21)0.18Heart rate (per minute)84 (75--95)82.5 (73.5--94)84 (79--98.5)0.32Systolic pressure (mmHg)127 (122--137)125.5 (117--137)128 (125--135)0.28Diastolic pressure (mmHg)73 (69.5--78.5)72.5 (70--86)73 (68.5--75)0.37Peripheral oxygen saturation (%)98 (96--98.5)98 (97--99)97 (95--98)0.11Time from illness onset to hospital admission (days), median (IQR)4 (2--6)4 (2--5.25)4 (2--7.5)0.53[^1]

Laboratory and radiological findings {#mja250577-sec-0017}
------------------------------------

Five patients had leukopenia (counts below 4 × 10^9^/L), nine had lymphopenia (\< 1.0 × 10^9^/L), and two had platelet counts below 100 × 10^9^/L. C‐reactive protein (CRP) concentration exceeded 10 mg/L in 20 patients (reference range, \< 3.0 mg/L), while procalcitonin levels were within the normal range (0.1--0.5 ng/mL) in 29 patients. In six patients, alanine aminotransferase levels were elevated (≥ 40 U/L), as was lactate dehydrogenase in five patients (≥ 225 U/L). The creatine kinase level was elevated in two patients (≥ 175 U/L); while cardiac troponin levels were normal in all patients (reference range \< 0.5 ng/mL) ([Supporting Information](#mja250577-sup-0001){ref-type="supplementary-material"}).

For 29 of the 31 patients, pneumonia was evident on chest CT imaging, including 20 with bilateral involvement ([Supporting Information](#mja250577-sup-0001){ref-type="supplementary-material"}); for two patients, no abnormalities were evident on chest CT at any point. The typical radiological changes were bilateral or bilobular ground glass opacity that usually progressed within one week ([Box 2](#mja250577-fea-0002){ref-type="boxed-text"}).

###### Chest computed tomography (CT): typical findings, including bilateral involvement and ground glass opacities (arrows) that resolved within one week

###  {#mja250577-sec-1021}

Treatments {#mja250577-sec-0018}
----------

All patients received lopinavir/ritonavir (protease inhibitors) and interferon alfa (an antiviral agent) by inhalation; this combination was previously used to treat patients with MERS.[20](#mja250577-bib-0020){ref-type="ref"} Five patients also received umifenovir, which blocks viral endocytosis and replication of a large panel of viruses; it is licensed in Russia and China for treating and preventing influenza.[21](#mja250577-bib-0021){ref-type="ref"} Moxifloxacin monotherapy was used as prophylactic antimicrobial treatment in 14 patients for a median 6.5 days (IQR, 3.5--7.0 days).

Corticosteroid treatment {#mja250577-sec-0019}
------------------------

Corticosteroid (40 mg methylprednisolone once or twice per day) was administered to 11 patients within 24 hours of admission for a median 5 days (IQR, 4.5--5.0 days) ([Box 3](#mja250577-fea-0003){ref-type="boxed-text"}). Patients who received corticosteroid treatment had a higher maximum temperature on admission than patients who did not receive corticosteroid treatment (38.8°C \[IQR, 38.2--39.0°C\] *v* 37.8°C \[IQR, 37.0--38.1°C\]; *P* = 0.002), and more frequently reported clinical symptoms on admission, including myalgia or fatigue (11 of 11 \[100%\] *v* 8 of 20 \[40%\]; *P* = 0.004) and cough (10 of 11 \[91%\] *v* 8 of 20 \[40%\]; *P* = 0.018) ([Box 1](#mja250577-fea-0001){ref-type="boxed-text"}). Moreover, patients receiving corticosteroid treatment had higher median CRP levels (84.0 mg/L \[IQR, 18.6--150 mg/L *v* 18.7 mg/L \[IQR, 4.77--29.6 mg/L; *P* = 0.026) and lower median lymphocyte count (0.99 × 10^9^/L \[IQR, 0.88--1.29 × 10^9^/L) *v* 1.54 × 10^9^/L \[IQR, 1.25--1.77 × 10^9^/L\]; *P* = 0.012) than patients who did not receive corticosteroid. bilateral involvement was more frequently evident on chest CT of these patients (11 of 11 \[100%\] *v* 9 of 20 \[45%\]; *P* = 0.009) ([Supporting Information](#mja250577-sup-0001){ref-type="supplementary-material"}).

###### Treatments and clinical outcomes for 31 patients with coronavirus disease 2019 (COVID‐19)

###  {#mja250577-sec-0028}

Treatments and outcomesAll patientsTherapy*P*Non‐corticosteroidCorticosteroidNumber of patients312011TreatmentsAntibiotics (all)15 (48%)7 (35%)8 (73%)0.10Moxifloxacin14 (45%)6 (30%)8 (73%)0.06Duration of moxifloxacin (days), median (IQR)6.5 (3.5--7.0)7 (5.5--7)7 (6--8.75)0.31Lopinavir/ritonavir and interferon alfa26 (84%)16 (80%)10 (91%)0.78Umifenovir and lopinavir/ritonavir and interferon alfa5 (16%)4 (20%)1 (9%)Duration of interferon alfa (days), median (IQR)15 (10--17)14.5 (10.5--17)16 (10.5--17.5)0.79Duration of antiviral drug (days), median (IQR)10 (8--11.5)10 (7.75--13)9 (8--10)0.48OutcomesRecovered26 (84%)15 (75%)11 (100%)0.19Died000NAVirus clearance time (days), median (IQR)14 (11.5--16)14 (11--17)15 (14--16)0.87Duration of symptoms (days), median (IQR)7 (5--10.5)6.5 (4--9.25)8 (5--12)0.47Length of hospital stay (days), median (IQR)18.5 (16--21)17 (15.5--19.5)20 (18--21)0.14Kidney injury000---Liver injury12 (39%)7 (35%)5 (46%)0.85[^2]

Outcomes {#mja250577-sec-0020}
--------

By 29 February 2020, 26 of the 31 patients (84%) had recovered from COVID‐19 and were discharged well, and five were still hospitalised. The median time to virus clearance was 14 days (IQR, 12--16 days; range, 7--26 days). Median duration of symptoms was 7 days (IQR, 5--10 days); median hospital length of stay was 18.5 days (IQR, 16--21 days). There were no statistically significant differences in virologic or clinical outcomes between patients who received and those who did not receive corticosteroid treatment ([Box 3](#mja250577-fea-0003){ref-type="boxed-text"}). Interestingly, in unplanned analyses we found an association between existing HBV infection and prolonged virus clearance (mean difference, 10.6 days; 95% CI, 6.2--15.1 days; *P* \< 0.001).

In the survival analysis, times to virus clearance (HR, 1.26; 95% CI, 0.58--2.74; *P* = 0.55), to discharge (HR, 0.77; 95% CI, 0.33--1.78; *P* = 0.54), and to clinical resolution of symptoms (HR, 0.86; 95% CI, 0.40--1.83; *P* = 0.70) were not influenced by corticosteroid treatment.

Discussion {#mja250577-sec-0021}
==========

Patients with COVID‐19 are often treated with a corticosteroid despite the lack of clinical evidence for the efficacy of such treatment. In our study, 11 of 31 patients received corticosteroid treatment, a proportion similar to that reported by an earlier study.[6](#mja250577-bib-0006){ref-type="ref"} Systematic use of corticosteroid treatment is even higher in critically ill patients with COVID‐19, as many as 70% of these patients receiving it.[5](#mja250577-bib-0005){ref-type="ref"} In our study, patients treated with a corticosteroid had more clinical symptoms, a higher inflammation index, and more abnormalities on chest CT, indicating that its use was related to the severity of symptoms on presentation. This practice is consistent with that reported by another study, in which 33% of patients with symptoms of COVID‐19 for more than 10 days had received a corticosteroid, but only 17% of those who had had symptoms for fewer than 10 days.[22](#mja250577-bib-0022){ref-type="ref"}

Our findings indicate that corticosteroid treatment did not influence virus clearance time, hospital length of stay, or duration of symptoms in patients with mild COVID‐19. Pathology findings indicate that ARDS plays a crucial role in COVID‐19 cases with fatal outcomes,[23](#mja250577-bib-0023){ref-type="ref"} and early administration of corticosteroids might reduce the risk of ARDS in virus infections.[24](#mja250577-bib-0024){ref-type="ref"} However, we could not assess the efficacy of early corticosteroid therapy for preventing ARDS, as none of our patients developed it.

In a univariate analysis, we found an association between having a chronic HBV infection and longer time to virus clearance. The small number of patients infection (two) does not permit any firm conclusions, but a similar association has previously been reported for SARS‐CoV‐infected patients.[25](#mja250577-bib-0025){ref-type="ref"} T cell dysfunction in responses to other viruses in patients with chronic HBV infections[26](#mja250577-bib-0026){ref-type="ref"} might explain the longer virus clearance time in patients with COVID‐19, and this association merits further study.

Evidence for the efficacy of drugs used for treating patients with COVID‐19 is derived from research in patients with SARS, MERS, or influenza, and from laboratory studies.[27](#mja250577-bib-0027){ref-type="ref"} The small sample in our observational study precludes us from drawing firm conclusions about these treatments. A recent retrospective observational study that compared treating patients with COVID‐19 with umifenovir and interferon alfa inhalation, lopinavir/ritonavir and interferon alfa inhalation, or interferon alfa inhalation alone did not find any statistically significant differences in virus clearance time or duration of symptoms.[28](#mja250577-bib-0028){ref-type="ref"} Evidence from formal randomised controlled trials is required to provide definitive guidance on the use of these agents.

Limitations {#mja250577-sec-0022}
-----------

Our sample size was small, and the patients included in our study were relatively young (median age, 39 years) and had mild disease, limiting the generalisability of our findings to patients without ARDS, the main threat and real challenge in clinical practice. Our small sample size and the observational nature of our study also means that many confounders may have influenced our results. Despite these limitations, our study provides early findings in the context of a rapidly evolving situation.

Conclusion {#mja250577-sec-0023}
----------

In our small observational study of patients with mild COVID‐19, overall outcomes were good and not significantly associated with a specific therapy. An existing HBV infection may delay virus clearance, and this association merits further investigation. We will continue to assimilate data and recommend a formal review as more observational and randomised controlled datasets become available.

Competing interests {#mja250577-sec-0025}
===================

No relevant disclosures.

Supporting information
======================

###### 

Supplementary results

###### 

Click here for additional data file.

We thank everyone fighting the epidemic of COVID‐19 around the world.

[^1]: IQR = interquartile range.

[^2]: IQR = interquartile range; NA = not applicable.
